Background: Chronic pancreatitis (CP) is a long-term inflammatory disease affecting the pancreas. No studies are currently available associating cigarette smoking with CP in Chinese mainland population. This study aims to assess the evidence for tobacco smoking as a risk factor for CP and to find the dose-response relationship between them precisely in Chinese mainland population. Methods: This retrospective study enrolled Chinese patients with CP and control patients at the Peking Union Medical College Hospital from 1983 to 2008. Demographic and clinical data were collected, and Chi-square (χ
Background
Chronic pancreatitis (CP) is an inflammatory disease of the pancreas, which markedly increases the risk of pancreatic cancer. The progressive inflammation, necrosis/ apoptosis, and duct obstruction lead to fibrotic destruction of pancreatic glandular parenchyma and result in impaired secretory function. The incidence of CP is approximately 7 to 10 per 100,000 annually in Europe [1] . The incidence and mortality of pancreatitis are on the rise in recent years in Europe [2] and Japan [3] . A recent retrospective study of 346 cases of CP at the Peking Union Medical College Hospital, China, from 1983 to 2008 revealed that the number of CP patients and the proportion of CP cases in the entire hospitalized inpatient population increased rapidly from 1983 to 2008 [4] .
Etiological risk factors for CP include alcohol consumption, smoking status, nutrition, genetic mutations, ductal obstruction, and autoimmunity [5] [6] [7] [8] [9] [10] . Alcohol consumption has been considered as the primary cause of acute and chronic pancreatitis [11] [12] [13] [14] [15] . Approximately, a third of all the cases of acute pancreatitis and 60 to 90% of CP in the United States and other developed countries are attributed to alcohol intake [16] .
Recent studies showed that cigarette smoking is another important risk factor, which is closely associated with CP [17, 11, [18] [19] [20] [21] . The effect of cigarette smoking on CP was first reported in 1994 [22] . The study showed that heavy smokers had a higher occurrence of pancreatic calcifications. The risk of calcification in smokers was 1.21 fold higher compared with nonsmokers. After 17 years of follow-up, the study found that 277 smokers (69%) with CP had developed calcifications compared with only 93 nonsmokers (55%) with CP. Another study showed that cigarette smoking significantly increased the risk of pancreatic calcification in late-onset idiopathic CP in nondrinking population [20] . In late-onset idiopathic CP, smokers developed pancreatic calcification faster and more frequently compared with nonsmokers. The association between smoking and pancreatic calcification was independent of gender, body mass index, and exocrine or endocrine insufficiency [20] .
Animal studies showed that smoking enhanced the effect of ethanol on CP [23] . Alcohol consumption and cigarette smoking are common risk factors in China. However, currently no studies in the English literature are available reporting a significant association between alcohol consumption and cigarette smoking and development of CP in the Chinese population. The aims of this study were to determine the role of cigarette smoking as a risk factor in this population as well as to analyze its interaction with other known risk factors for CP. A retrospective case-control study was conducted to analyze smoking and alcohol consumption status in this population, and to determine whether cigarette smoking and alcohol consumption were associated with CP.
Methods

Study population
In this retrospective case-control study, data from 346 consecutive cases of CP enrolled in the local hospital, from January 1983 to January 2008, were analyzed. The diagnostic criteria for CP were based on the 2000 Asia-Pacific consensus report on CP [24] . The CP diagnosis was established based on clinical history, classic biochemical alterations, functional tests, and typical ultrasound-radiological and endoscopic retrograde cholangiopancreatography (ERCP). All patients and controls were 18 years or older. Patients who had pancreatic tumors, such as pancreas cancer or intraductal papillary mucinous neoplasm (IPMN), were excluded from this study. Ageand gender-matched healthy individuals (346) were randomly selected from the PUMCH Medical Center as control group. All controls had no history of biliary or pancreatic diseases. Written, informed consent was obtained from all individuals enrolled in this study. The study protocol was reviewed and approved by the Institutional Review Committees of Beijing Union Medical College Hospital. Further information on the study design and participant characteristics can be found elsewhere [4] .
Demographic and clinical data collection
Demographic and clinical data, including age, gender, height, body weight, body surface area, body mass index (BMI), history of smoking, number of cigarettes smoked daily, years of drinking and smoking, history of biliary disease, and other clinical data, was collected from all patients and controls. Smoking intensity was calculated as the average number of cigarettes smoked per day over a lifetime (cigarettes per day). The duration of cigarette smoking was calculated as years of smoking. The cumulative amount of smoking (cigarette-years) was calculated from the smoking history by multiplying the years of smoking by the average number of cigarettes smoked daily. Drinking status is that if the patient has a history of alcohol consumption for more than 10 years. Alcohol intake (grams per month) was expressed as grams of alcohol consumption per month. Drinking duration was calculated as years of drinking (drinking years). Alcohol consumption is a roughly calculation of total alcohol compumtion through Alcohol intake (grams per month) multiply by Drinking duration (drinking years) In another word: Alcohol consumption = Alcohol intake (grams per month)x Drinking duration (drinking years).
Statistical analysis
The SPSS 13.0 software (IBM Corporation, Chicago, IL, USA) was used for all statistical analyses. Differences in mean values or frequency distributions between CP cases and controls were examined by an unpaired Student's t test or Chi-square (χ 2 ) test. Cox proportional hazards regression analysis was used to calculate multivariable-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for CP in relation to cigarette smoking. The ORs were adjusted for potentially confounding variables, such as age, gender, biliary disease, and alcohol consumption. P values <0.05 were considered statistically significant.
Results
Patient characteristics
A total of 346 patients with CP and 346 healthy individuals were included in this retrospective case-control study (Table 1 ). There were 267 males and 79 females in the CP group, and 270 males and 76 females in the control group. The mean ages were 48.97 years and 49.16 years, respectively. The BMIs were 22.46 ± 13.52 and 24.59 ± 3.29 kg/m 2 , respectively. Nearly half of the subjects were former or current smokers (46.8% in the CP group and 48.8% in the control group). The percentage of smokers among CP patients was comparable to that of the controls. The majority of smokers smoked more than 20 cigarettes daily in both groups, but significantly more CP patients smoked more than 20 cigarettes per day (32 vs. 24%, P = 0.01).
Smoking intensity increases the risk for CP
To evaluate the smoking intensity as a risk factor for CP, the ORs and 95% CIs for CP in relation to cigarette smoking intensity were calculated using a Cox proportional hazards regression model. The ORs were adjusted for potentially confounding variables, such as age, gender, and biliary disease. The multivariable-adjusted ORs and the corresponding 95% CI for the risk of CP with respect to smoking intensity are shown in Table 2 . CP patients who had smoked more than 20 cigarettes per Alcohol intake (grams per month) was expressed as grams of alcohol consumption per month Drinking duration was calculated as years of drinking (drinking years) Alcohol consumption = Alcohol intake (grams per month) x Drinking duration (drinking years) day, and were either male (OR = 1.91, 95% CI: 1.066-3.428, P = 0.030), or older than 30 years (OR = 1.66, 95% CI: 1.012-2.732, P = 0.045), were significantly more likely to have CP. When all risk factor were combined, in males over 30 years-old, who had additionally smoked more than 20 cigarettes per day, the relative risk of CP was even higher (OR = 2.02, 95% CI: 1.112-3.68, P = 0.021). There was no statistically significant association between smoking intensity less than 20 cigarettes per day and the risk of CP regardless of gender, age, or biliary disease (Table 2) .
Smoking duration increases the risk for CP
The multivariable-adjusted ORs and the corresponding 95% CI for the risk of CP with respect to smoking duration are shown in Table 3 . CP patients, regardless of their gender, who had smoked for more than 30 years and were without biliary disease had a significantly higher risk to develop CP compared with the nonsmoker group (OR = 2.35, 95% CI: 1.106-4.973, P = 0.026). There was no statistically significant association between smoking duration of less than 30 years and the risk of CP regardless of gender, age, or biliary disease (Table  3) .*< 0.05 represents a statistical significance
Discussion
The present retrospective case-control study revealed that cigarette smoking is an independent risk factor for developing CP in the Chinese population. Smoking intensity and smoking duration may associated with an increased risk of CP. When the ORs were adjusted for potentially confounding variables, such as age, gender, biliary disease, and alcohol consumption, the relative risk of CP was even higher in male patients who smoked more than 20 cigarettes per day and were older than 30 years. Tobacco consumption has been identified as an important risk factor for CP [17, 11, [18] [19] [20] [21] . Our current findings in the Chinese population are in line with previous reports in other ethnic groups [25-28, 20, 21] . Yen et al. [29] initially reported in 1982 that smoking and drinking habits were independently associated with pancreatitis. The study suggested that cigarette smoking had a much stronger effect than previously anticipated. Subsequently, various studies reported that smoking was a significant risk factor for chronic pancreatitis [25-28, 20, 21] . Wittle et al. [30] provided morphological evidence of pancreatic damage induced by the inhalation of cigarette smoke. The damage is probably mediated by alterations in acinar cell function. Nicotine in smoke affects pancreatic secretion [31, 32] . In addition, other constituents in smoke induce inflammatory reaction and carcinogenesis. Further, smoke enhances ethanol-induced pancreatic injury and accelerates the development and progression of CP [30] .
Our study showed that the likelihood of CP significantly increases in heavy smokers consistent with previous studies showing an association between cigarette smoking and pancreatitis [20] . Alcohol sensitizes the pancreas to other external risk factors, such as cigarette smoking, nutrition, or genetic predisposition, and together with those factors increases ethanol toxicity in the human body [22] . Talamin et al. [33] revealed an increased relative risk of CP Age-and gender-matched healthy individuals were randomly selected from the PUMCH Medical Center as control group associated with a higher alcohol intake (P < 0.00001) or cigarette smoking (P < 0.00001). They also noted that there was no significant interaction between alcohol and smoking, which indicates that the two risk factors act independently. The study concluded that males who smoked a higher number of cigarettes daily seemed to be specifically at risk for developing CP. Maisonneuve et al. [18] reported that tobacco smoking significantly increased the risk of pancreatic calcifications with a hazard ratio HR of 4.9 and 95% confidence interval (CI, 2.3-10.5) for smokers compared with non-smokers during the course of pancreatitis. Tobacco smoking was associated with earlier diagnosis of chronic alcoholic pancreatitis and with the appearance of calcifications and diabetes, independent of alcohol consumption {Maisonneuve, 2005 #208}.
There are few epidemiological studies investigating the relationship between CP, smoking, and alcohol consumption. Yen et al. [29] reported that, when ORs were adjusted by age and alcohol consumption, the OR was 10.5 for current smokers, who consumed more than one pack of cigarettes per day. Lowenfels et al. [34] reported that smoking was an additional risk factor for CP (OR 12.5) in male subjects with alcoholic pancreatitis in a native American population. Cigarette smoking was also found to be an independent risk factor for CP in two case-control studies [21, 33] , and a cohort study in Finland [28] . These studies further confirmed that smoking is a significant risk factor for CP independent of alcohol consumption.
Our study is the first epidemiological study on smoking as a risk factor for CP in a Chinese population. There were additional heavy smokers among patients with CP compared with healthy controls. Males, who smoked more than 20 cigarettes per day and were older than 30 years, were at risk of developing CP. These results are consistent with previous studies from other ethnic groups [29, 34] .
In addition to confirming previous findings, we present new data showing that Chinese male smokers without biliary diseases were more likely to develop CP. This may be due to a larger effect of smoking on alcoholic CP than on other types of CP, since there were more male patients with alcoholic CP in the present study [2, 35] . In other ethnic study populations, the data were mainly collected from patients with alcoholic CP. However, unlike the majority of countries, where alcohol appears to be the major cause of CP, biliary disease is typically one of the primary causes of CP in China [36] .
As a retrospective case-control study, the present study has the following limitations. First, some of data may be missing because of deficiencies in the clinical history records. Second, the sample sizes were relatively small, in particular when the subjects were divided into different sub-groups. The third, case control studies can't attribute causality.Therefore, the relatively small sample size may have had negative impact on the level of statistical significance. To overcome these shortcomings, a more comprehensive study enrolling a larger number of subjects and additional data will be conducted.
Conclusion
In conclusion, cigarette smoking maybe an important risk factor for CP in the Chinese subpopulation. However, whether cigarette smoking and alcohol consumption were associated with the risk for CP in the Chinese population needs to be determined.
Abbreviations CP: Chronic pancreatitis
